Objective: Angina pectoris, arrhythmic sudden death and myocardial infarction, all these cardiac events have occasionally been reported during 5-fluorouracil (5-FU) chemotherapy. Underlying mechanisms leading to these events are unknown; damage to the myocytes or vasospasms have been discussed. Methods: 102 consecutive and unselected patients were monitored with 12-lead ECG, echocardiography and radionuclide ventriculography prior to the first cycle of 5-FU chemotherapy and 3 months from baseline. Results: 19% of the patients developed reversible symptoms of angina pectoris during treatment which lasted up to 12 h after cessation of the infusion. Most of the 19 patients showed corresponding ECG changes. 6 out of the 19 patients with severe angina pectoris had subsequent coronary angiography. In none of these patients the coronary angiography showed coronary artery disease, but it showed low ventricular function (ejection fraction ! 50%) in 2 patients. The ejection fraction did not increase over time. Arrhythmias were screened for with Holter monitoring during 5-FU chemotherapy. The frequency of bradycardia and ventricular extrasystoles increased significantly (p ! 0.05) during treatment compared to arrhythmias in Holter monitoring 3 months later. Furthermore the Qtc time in the ECG 3 months later was significantly prolonged (p ! 0.05) compared to baseline values. Conclusions: The incidence of angina pectoris in patients during 5-FU treatment seems higher than previously suspected. As myocardial ischemia can be fatal, attentiveness to these symptoms and immediate treatment are crucial.
Introduction

5-Fluorouracil (5-FU)
, an S-phase-specific, synthetic pyrimidine antimetabolite, is used for the treatment of various malignant diseases. After its introduction as an adjuvant treatment in colorectal cancer more than 10 years ago, 5-FU has been of benefit for thousands of patients treated with curative intent. However, there have always been concerns about 5-FU-related cardiotoxicity. The underlying etiology of this phenomenon remains unexplained. Symptoms such as arrhythmias, hypotension and angina pectoris have been reported since 1975 [1, 2] . Direct toxic effects on the endothelium of coronary arteries, damage to the myocytes or coronary vasospasms are hypotheses of mechanisms of 5-FU-associated cardiotoxicity. As we hypothesized a high incidence of 5-FUinduced angina pectoris, we carried out a study of planned surveillance of 102 patients.
Patients and Methods
102 consecutive and unselected patients treated with 5-FU were analyzed in a planned surveillance study. All patients underwent a 12-lead ECG, echocardiography and radionuclide ventriculography at rest, prior to the initiation of treatment with 5-FU chemotherapy (baseline values). As arrhythmias were the most anticipated side effects of 5-FU, Holter monitoring in all patients was performed during 5-FU infusion. To evaluate long-term cardiotoxicity and as an internal control the same examinations were repeated 3 months from baseline. The primary end point was the incidence and duration of ischemic symptoms during 5-FU infusion. Secondary end points included clinical events, cardiac function and arrhythmias during 5-FU infusion and at 3 months from baseline. In 6 out of 19 patients with severe symptoms of angina pectoris a subsequent coronary angiography was performed.
Statistical Analysis
The study was originally designed to include 102 patients to have statistical power. All data were analyzed with Wilcoxon test; p values lower than 0.05 were considered to indicate statistical significance. All statistical analyses were performed with the use of SPSS software (version 9.0; Chicago). All data are kept at the Technical University of Munich.
Patient Characteristics 102 patients (70 male and 32 female) participated in the study. The median age was 62 years (range 39-78). A history of preexisting coronary artery disease was found in 12 patients by exploration, of whom myocardial infarction was found in 2 patients and cardiomyopathy was found in 4 patients. The cause of cardiomyopathy is unclear. 17.6% of all patients were receiving angiotensin-converting enzyme, 13% ß-blockers, 2% nitrates and 8% diuretics as concomitant cardiac medication prior to the enrollment. This medication was continued. 80% of the patients suffered from a carcinoma of the digestive tract, the remaining 20% had carcinomas of the head and neck. 68% of the patients received 5-FU as a monotherapy, whereas 32% were treated with a combination of chemotherapeutic agents, mainly with cisplatin (20% of the patients). None of the patients receiving cisplatin developed cardiac chest pain. 80% of all patients received 5-FU (2,600 mg/m 2 ) as a continuous infusion over 24 h, the other 20% of the patients received bolus 5-FU (400 mg/m 2 , table 1).
Results
19 of the 102 patients complained of angina pectoris within 24 h of the initiation of 5-FU treatment. Angina pectoris was defined as severe anginal pain occurring in low or no workload. Examining the cardiac risk factors of these 19 patients, none had known coronary artery disease, but we found 2 patients who suffered from hypertension and 1 patient who suffered from atrial fibrillation. Non-insulin-dependent diabetes mellitus was present in 1 patient. The 5-FU infusion was stopped when the symptoms were reported. It is possible that an unexpectedly high rate of chest pain was identified because patients were told they were participating in a study looking at cardiac function in patients on 5-FU. But most of these 19 patients had classical ECG changes of myocardial ischemia (ST segment depression, raised ST segment and ventricular extrasystoles) lasting between 2 and 12 h after the infusion had been stopped. The ECG changes disap-Wacker/Lersch/Scherpinski/Reindl/ Seyfarth peared concomitant with diminishing symptoms ( fig. 1-3) . In 6 out of 19 patients cardiac enzymes were measured, which were initially normal and did not rise over 6 h. 6 of the 19 patients had severe symptoms of angina pectoris. A subsequent coronary angiography was performed. None of these patients showed significant coronary artery disease, especially no flow-limiting stenosis. 2 patients had low ventricular function (EF !50%) as a sign of acute cardiotoxicity compared to baseline function of the echocardiography 3 months before. The ejection fraction did not increase over time. Symptoms of angina pectoris could be reduced by giving calcium antagonists (dil- tiazem 180 mg/day) and acetylsalicylic acid (100 mg/day) in all 19 patients. Venous hemoglobin concentration in these patients was not lower than 10.2 g/dl and the serum potassium level was at least 3.4 mmol/l. There was a tendency that patients receiving 5-FU as a bolus developed more cardiac chest pain compared to those receiving the drug by continuous infusion. In all 102 patients, the 12-lead ECG showed no differences in PQ intervals, QRS complexes and QT intervals, prior to, during and 3 months from baseline. Echocardiography and radionuclide ventriculography in all 102 patients 3 months later remained unchanged compared to baseline values (FS mean before: 38.8; FS mean after 3 months: 35.63; p = 0.774). The QTc time in the ECG at rest was significantly (p ! 0.05) longer 3 months from baseline (QTc mean before: mean 0.3711, minimum: 0.26, maximum 0.43, standard deviation 0.038; QTc after 3 months: mean 0.38, minimum: 0.32, maximum: 0.5, standard deviation 0.044; Wilcoxon rank test: p = 0.0038). Significantly higher frequency of bradycardia and ventricular extrasystoles during 5-FU infusion was observed in Holter monitoring (mean VES 35.88 versus 13; p ! 0.05, table 2). These arrhythmias were not reproduced 3 months from baseline in Holter monitoring.
Discussion
5-FU cardiotoxicity has not been fully understood and its frequency seems to be underestimated according to our results [3] . With the development and widespread application of oral bioavailable 5-FU prodrugs (i.e. capecitabine) cardiotoxicity will increasingly become an important issue [4, 5] . Therefore physicians treating patients with 5-FU should be highly attentive to these symptoms and antivasospastic treatment (such as calcium antagonists) should be administered promptly [6] . Since the symptoms of angina pectoris of all 19 patients were reversible and there were no signs of myocardial damage and since the symptoms could be relieved by calcium antagonists, our hypothesis for the mechanism of 5-FU cardiotoxicity is vasospasm. This hypothesis is supported by 6 normal angiographies in severely symptomatic patients and a recent finding of coronary artery vasospasms as a cause of effort-related myocardial ischemia during low-dose continuous infusion of 5-FU [7] .
The next question that arises is whether there are underlying risk factors such as hypertension leading to endothelial dysfunction which could induce vasoconstriction. The endothelium modulates several other vascular functions including platelet aggregation, monocyte adhesion and migration [8] . Endothelial dysfunction could be a transient risk factor that might promote vasoconstriction [9] . A further prospective trial stratification for hypertensive patients is necessary, and optionally blood levels of endothelin-1 should be measured. In addition a possible correlation of 5-FU peak blood levels and symptomatic episodes is of interest.
The underlying mechanism for 5-FU-induced arrhythmias is still unknown. We found a significantly higher QTc time in patients treated with 5-FU and even significantly higher frequency of bradycardias and ventricular extrasystoles. Disturbance of cardiac rhythm could not be monitored, since the number of patients in our study was too small. We hypothesized that intra-and extracellular potassium balance might be disturbed. To evaluate this hypothesis further investigations are necessary.
Conclusions
Even if the etiology of 5-FU cardiotoxicity is not solved the most probable hypothesis in our opinion is a reversible vasospasm. Antivasospastic therapy therefore Wacker/Lersch/Scherpinski/Reindl/ Seyfarth is the first approach to reduce vasospasm. Careful surveillance and monitoring beyond the half-life of 5-FU is mandatory as symptoms and ECG changes last up to 12 h after discontinuation of 5-FU. Clinical and ECG manifestation of angina should prompt drug discontinuation. Whether reexposure to the triggering drug is safe remains to be answered in another controlled trial.
